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Introduction {#sec001}
============

With the ensuing benefits of sports worldwide, there is a growing interest by nations to perpetuate long-term and sustainable talent development in sport performance. As a result, governments have invested vast resources in the pursuit of sporting success \[[@pone.0227144.ref001]--[@pone.0227144.ref002]\]. Sporting success can be measured by the number of athletes reaching the podium consistently at international sporting events \[[@pone.0227144.ref002]\]. Nations have invested significantly in financial and human resources to attain sporting success. Nevertheless, numerous studies in certain nations are highlighting an increase in sports dropout in children aged 10--20 years \[[@pone.0227144.ref003]--[@pone.0227144.ref005]\]. Consistent reports in the literature show that, by the time children reach the age of 15 years, 70--80% no longer participate in sports. For example, a longitudinal study over the span of 25 years with Norwegian track and field athletes highlighted up to 75% of athletes ages 13 to 16 years drop out along the way \[[@pone.0227144.ref004]\]. Studies focusing on the progression from the junior to the senior levels in sports have illuminated only a few junior champions, approximately 9% of males and 12% of females track and field athletes in the United Kingdom \[[@pone.0227144.ref006]\] and a staggering 17% of all sports participants \[[@pone.0227144.ref007]\], progressed to the senior level. The precise mechanism(s) for sport dropout are unclear. Some likely reasons include: overtraining, injuries, lack of motivation and alternative leisure-time activities \[[@pone.0227144.ref004]\].

To improve progression from elite junior to elite senior levels of sport, a clear understanding of talent development is necessary. There has been growing interest in talent research in the past decade \[[@pone.0227144.ref008]--[@pone.0227144.ref011]\]. A significant portion of this research has been devoted to examining the quality and quantity of meaningful practice, also known as deliberate practice \[[@pone.0227144.ref012]\]. These studies \[[@pone.0227144.ref013]--[@pone.0227144.ref014]\] illuminated that athletes who begin goal-oriented and systemic training at an early age has a greater likelihood for performance advantages. The authors contend that the lead in performance is distinct between individuals of the same calendar year who started training at a different age. At the same time, research has shown the disproportion in the number of "successful" athletes born within the first three months of the selection year in comparison to athletes born at the end of the year. This phenomenon is termed: relative age effect (RAE) \[[@pone.0227144.ref015]\]. One dominant explanation for this phenomenon relates to the 'maturation-selection hypothesis' \[[@pone.0227144.ref015]--[@pone.0227144.ref017]\]. According to this hypothesis, athletes who are older and have more time to mature physically and mentally are often selected, compared to their younger counterparts \[[@pone.0227144.ref018]\]. Thus, the relatively older and earlier-maturing athletes are more likely to be considered for selection \[[@pone.0227144.ref017],[@pone.0227144.ref019]\]. Unfortunately, the relatively younger and later maturing athletes are more likely to be overlooked and excluded. Helsen and colleagues' \[[@pone.0227144.ref020]\] study on the influence of the RAE on Belgian soccer players achievement showed early born youth-level athletes are more likely to be identified as talented and be exposed to higher levels of coaching than their later-born counterparts. This in turn may play a role in drop-out rates for the relatively younger athletes \[[@pone.0227144.ref020]--[@pone.0227144.ref021]\].

The RAE has been widely studied in sports science revealing consistent prevalence with physical demand, level of practice, age and gender acting as moderating variables \[[@pone.0227144.ref015]--[@pone.0227144.ref017]\]. Generally, physically demanding sports (e.g., tennis and swimming) are more affected by the RAE in contrast to sports with emphasis on skills (e.g., golf) \[[@pone.0227144.ref007], [@pone.0227144.ref016], [@pone.0227144.ref017]\]. When the RAE is found to be present, it tends to be apparent through most age groups, with weaker effects in adulthood \[[@pone.0227144.ref022]\]. Studies have found some differences in the RAE according to the level of practice. For example, in soccer, Práxedes and colleagues \[[@pone.0227144.ref023]\] observed the higher the level of training, the larger the RAE, however, the observed pattern may have been due to inter-relations between deliberate practice and the RAE \[[@pone.0227144.ref024]\]. To date, there is limited evidence of the RAE in track and field \[[@pone.0227144.ref016], [@pone.0227144.ref025]--[@pone.0227144.ref026]\]. In one of the few studies, Brazo-Sayavera and colleagues \[[@pone.0227144.ref016], [@pone.0227144.ref025]\] highlighted the influential role of RAEs on selection opportunities in track and field athletes. The authors showed that age and gender were mediators with a stronger effect on males and younger athletes. In another example, Romann and colleague \[[@pone.0227144.ref017]\] investigated sprint performance and the RAE in youth contexts and found that while the RAE was evident throughout the age groups, it was mediated by age and performance. The authors found the RAE had significant implication in the selection of sprinting athletes during adolescence. Female representation, however, was not available in the sample investigated by Romann and colleague \[[@pone.0227144.ref017]\], which highlights a disparity in the literature in RAEs research and in the greater context of talent research as well \[[@pone.0227144.ref027]\]. The majority of studies have focused on RAEs throughout the period of adolescence or in adulthood \[[@pone.0227144.ref015]--[@pone.0227144.ref017]\]. In contrast, there is a dearth of studies investigating the influence of the RAE in determining the likelihood of a junior athlete progressing to the senior level in sport. In their work, Wrang and colleagues \[[@pone.0227144.ref028]\] found that the youth level favored relatively older athletes, of whom a large proportion failed to be re-selected as a senior compared to their younger counterparts.

It should be noted that some studies have observed different distributions of the birthdate of athletes, where athletes born at the end of the selection year earn more than their teammates born at the start of the year \[[@pone.0227144.ref029]\]. It is possible other factors could be moderating the effect. For example, evidence highlights the crucial role an individual's early sporting environment can have in relation to their sport success. In some cases \[[@pone.0227144.ref030]--[@pone.0227144.ref032]\] the size of the community where an athlete spent his/her early stage of development can affect the likelihood of attaining elite performance. This phenomenon has been demonstrated in both professional and amateur levels, in sports such as ice hockey \[[@pone.0227144.ref030]\], soccer \[[@pone.0227144.ref031]\] and swimming \[[@pone.0227144.ref032]\]. Generally, findings revealed 'small' to 'medium' community sizes (between 1000--499 999 inhabitants) tend to have/produce a higher proportion of elite athletes compared to communities larger than 500 000 inhabitants. For example, Allen and Duncan \[[@pone.0227144.ref033]\] examined elite athletes from the United Kingdom (UK) and highlighted that athletes in the World Class Program were 2.1 times more likely to be born in a 'medium-sized' community compared to the general population in the UK. A variety of explanations have been proposed to account for this phenomenon, which includes better psychosocial support and appropriate physical environments in small communities \[[@pone.0227144.ref034]--[@pone.0227144.ref036]\]. It has been argued that adolescents in small communities receive more social support, have higher levels of self-efficacy, and experience fewer conflicts \[[@pone.0227144.ref036]\]. Additionally, small communities may provide a safer environment with increased recreational space, which may be more conducive to an athlete's development \[[@pone.0227144.ref037]--[@pone.0227144.ref038]\].

Previous studies examining the influence of place of development (POD) on sporting success used the population of the athlete's birthplace as a proxy where formative sport developments took place \[[@pone.0227144.ref030]--[@pone.0227144.ref031], [@pone.0227144.ref034], [@pone.0227144.ref039]--[@pone.0227144.ref040]\]. While the place of birth may be an important consideration, there is contradictory evidence to show otherwise \[[@pone.0227144.ref035]\]. Researchers have discussed that the birthplace is not necessarily the POD. For example, individuals born in small rural areas might move to larger urban centers during their childhood or vice versa. Due to the possibility of incongruence between locations, studies \[[@pone.0227144.ref035], [@pone.0227144.ref041]\] have proposed that the location where an athlete first attain training experience may be a more appropriate measure of an athlete's early development context. In Western societies, most athletes acquired sporting skills within the school environment. On average, an athlete may spend as much as 10 hours each day at school. This means that the school environment may play a great role in an athlete's development. Accordingly, Allen and colleague \[[@pone.0227144.ref033]\] found that elite athletes were 10.5 times more likely to attend a primary school in small communities and 3 times more likely to attend secondary schools in small communities. For these reasons, birthplace may not be as critical as the place of early development \[[@pone.0227144.ref041]\]. Thus, it has been proposed the size of the community in which an athlete attended school may be a more appropriate measure of the developmental context that influences progression in sports.

In Jamaica track and field is a popular individual sport among adolescents. Over 3000 adolescents who are enrolled in high schools annually across Jamaica, compete in track and field events at the Inter-Secondary School Sports Association Championships (ISSA CHAMPS) \[[@pone.0227144.ref042]\]. ISSA CHAMPS is Jamaica's largest junior track and field development program. It aims to foster talent development through early specialization and increased training during the early stages of development in junior athletes. An analysis of the progression rate from the junior to the senior levels may provide evidence for the effectiveness of the development program. There is anecdotal evidence for Jamaican propensity for speed. However, only a few scientific explanations have explained Jamaican dominance in the sprints. Three main avenues for understanding the superior Jamaican performance in athletic events have emerged: genes \[[@pone.0227144.ref043]\], physiology \[[@pone.0227144.ref044]\] and the socio-cultural environment \[[@pone.0227144.ref045]\]. In the general sports science literature, sporting success has been addressed from a wide perspective focusing on many levels of determinants. Particularly the performers' characteristics such as birthdate, genetics, physiology and psychology, the environment (birthplace and support programs) and training programs \[[@pone.0227144.ref010]--[@pone.0227144.ref011]\]. Surprisingly, there is a lack of current knowledge with regards to the effects of most of these determinants in Jamaica's sporting success. Therefore, the goals of this article are: (1) to determine the drop out and progression rates of Jamaican junior track and field athletes, and (2) to investigate whether contextual factors such as birth dates and POD would influence the likelihood of progression from junior to senior levels.

Materials and methods {#sec002}
=====================

Participants {#sec003}
------------

Data for 1552 athletes (54% male and 46% female) who made the finals (top 8) of individual events at the ISSA CHAMPS between 2000--2017 were extracted from the Jamaica Athletics Administrative Association (JAAA) database. All athletes at the time of their participation at ISSA CHAMPS were age 18 and 19 years (mean age 18.57±0.41 years). The mean age of the females was 18.70±0.31 years while the mean age of the male was 18.43±0.50. The athletes participated in the sprint/hurdle (44%), middle/long distance (21%) and jump/throw (36%) events. Participants who competed in two or more competitive events were recorded as an individual athlete and their best overall performance in an individual event was used for the analysis. For those who competed during numerous seasons, the initial year he/she represented the country at the senior level was used for analyses. This study was approved by the University of the West Indies Ethics Committee (Mona) and is in accordance with the Declaration of Helsinki. Informed consent was not needed as the study analyzed and reported data that is available to the public domain.

Procedure {#sec004}
---------

### Progression analysis {#sec005}

A retrospective analysis was done to investigate the relationship between junior and senior successes. Data were acquired from the publicly-available JAAA database. Performance results, school attended, date of birth, age, sex and athletic event were extracted from the database. The identities of the participants were matched against the identities of athletes placed in the finals (top 8) at Jamaica's National Senior Championships. Participants mutually identified as ISSA CHAMPS and National Senior Championships finalists were categorized as "progressed". The identities of finalists at ISSA CHAMPS were also compared to the identities of Jamaican representatives at the Commonwealth Games, the senior editions of International Association of Athletics Federation (IAAF) World Championship Games and the Olympic Games. Participants who were not identified among the national senior finalists or the international representatives, either did not compete or did not rank high enough, were categorized as "did not progress". Finally, the years the athletes took for progression from junior to senior levels of competition was determined by subtracting the last year the athlete was identified as an ISSA CHAMPS finalist (prior to becoming a national senior finalist), from the first year the athlete competed at Jamaica's National Senior Championships.

### Relative age effect {#sec006}

Birth month of each athlete was categorized into quarters (Q), reflective of the calendar year of the junior track and field season. The calendar year of Jamaica's junior track and field is from the 1^st^ of September to the 31^st^ of August \[[@pone.0227144.ref042]\] (Q1 = born in September--November; Q2 = December--February; Q3 = March--May; and, Q4 = June--August).

### Place of early development {#sec007}

The high schools the athletes attended were recorded then collapsed into region sizes determined by the 2011 Population and Housing Census for Jamaica \[[@pone.0227144.ref046]\]. Region sizes were eight categories based on population: category 1 (\> 500 000), category 2 (499 999--250 000), category 3 (249 999--100 000), category 4 (99 999--30 000) category 5 (29 999--10 000) category 6 (9999--5000), category 7 (4999--2500) and category 8 (\< 2500). Since the examination includes athletes who were ages 18 and 19 years, the 2011 Census Data for Jamaican Youths (age 14 -- 24years) \[[@pone.0227144.ref046]\] was used to calculate the expected percentage of athletes in each category. This census year is assumed to be an accurate representation of the athletes under investigation. It is important to note the high schools the athletes attended were used to provide a proxy for the location in which junior athletes spent their developmental years. It is also important to recognize the school an athlete attended may not always coincide with the POD. Although migration is probable within our sample, net movements are likely to be essentially equal \[[@pone.0227144.ref046]\].

Statistical analyses {#sec008}
--------------------

Chi-square tests were applied to analyze the proportion of junior finalists and the proportion of athletes who were national senior finalists and international senior representatives. This statistical procedure has previously been applied in the retrospective analysis of progression in track and field athletes \[[@pone.0227144.ref006]\]. Chi-squared tests were also performed on the birth date of each athlete, categorized as quartiles of the track and field calendar year to determine the significance of deviations for the expected number of births in each quarter \[[@pone.0227144.ref030], [@pone.0227144.ref039]\]. Equal distribution of births was assumed for each quarter of the selection year \[[@pone.0227144.ref017], [@pone.0227144.ref028]\]. Further chi-square analyses were done to determine the associations between relative age and gender and athletic event. In this study, Cramer's V provided the magnitude of the effect size where 0.06 \< V ≤ 0.17 indicated a small effect, 0.17 \< V \< 0.29 a medium effect, and, V ≥ 0.29 a large effect.

In determining the POD effect on the progression from juniors to senior athletic representation, odds ratios (ORs) were calculated across different region sizes within a 95% confidence interval (CI) \[[@pone.0227144.ref035], [@pone.0227144.ref037], [@pone.0227144.ref039]\]. An OR greater than 1 (i.e., upper and lower CIs greater than 1) implied that an athlete who attended school in a region of a given size (e.g., in a region with 9999--5000 inhabitants) was more likely to become a senior representative than if the athlete attended school in a region of any other size. An OR less than 1 (i.e., upper and lower CIs less than 1) implied that an athlete who attended school in a region of a given size (e.g. in a region with ≥ 500 000 inhabitants) was less likely to become a senior representative than if attended school in a region of any other size. An OR with a CI range that included the null value of 1 was not considered significant.

Multiple additional analyses were conducted to determine the associations between the RAE, POD and years taken for progression from junior to senior levels of competition. First, Spearman rank correlation and chi-square analysis were conducted to determine the relationships between birth month quarters and region sizes (based on the location of school attendance). Second, the relationship between years taken to progress and birthdate and region size were examined using Spearman rank correlations and chi-square. This was necessary to examine if relative age and POD were related in any way to the years the athlete took for progression from junior to senior levels of competition.

Results {#sec009}
=======

Progression analysis {#sec010}
--------------------

[Fig 1A](#pone.0227144.g001){ref-type="fig"} illustrates the percentage of Jamaican junior finalists who progressed (19%) to senior levels of competition and those who did not progress (81%). In both genders, the majority of the participants did not progress to the senior levels (43.9% of males vs. 37.1% of females). Approximately, 10.2% of the male and 8.8% of the female athletes progressed to the senior levels. With regard to international representation, only a small portion of the athletes (3.4% of males vs. 3.1% of females) represented Jamaica at the international levels. The proportion of male and female athletes did not differ among the national senior finalists (χ2 (1) = 0.04, V = 0.005, p = 0.85) or among the international senior representatives (χ2 (1) = 0.11, V = 0.008, p = 0.74). There were significant differences in the athletic events of the progressed athletes (χ2 (2) = 5.15, V = 0.13, p = 0.02). An over-representation was observed in the sprint/hurdle athletes while there was an under-representation in the middle/long distance athletes ([Fig 1B](#pone.0227144.g001){ref-type="fig"}). The years athletes took to progress from junior to senior levels of competition ranged from 0 years (meaning the athlete was identified as a junior finalist and as a senior finalist in the same year) to 12 years.

![The percentage of junior finalist by genders (A) and by athletic events (B) who progressed and who did not progress to senior levels of competition.](pone.0227144.g001){#pone.0227144.g001}

Relative age effect {#sec011}
-------------------

[Table 1](#pone.0227144.t001){ref-type="table"} illustrates the frequency and percentage distribution of athletes' birth month and the results of the chi-square analyses. The analyses did not identify the RAE for all junior finalists (age 18--19 years) and for athletes who did not progress to senior levels of competition. However, the results identify the RAE for the athletes who progressed to senior levels of competition, showing a large and significant effect size (V = 0.40). There was an over-representation in the progressed athletes who were born in the first quarter of the athletic year compared to athletes born in the last quarter of the athletic year. No main effect of gender (χ2 = 0.10, V = 0.01, p = 0.10) or athletic event (χ2 = 9.43, V = 0.06, p = 0.15) was observed for the RAE.

10.1371/journal.pone.0227144.t001

###### Chi-square values and related probabilities between observed frequencies and expected frequencies.

![](pone.0227144.t001){#pone.0227144.t001g}

                     Frequency and % of athletes per quarter                                                                
  ------------------ ----------------------------------------- ------------ ------------ ------------ ------ ------- ------ ---------
  All                401 (25.8)                                373 (24.0)   383 (24.7)   395 (25.4)   1552   1.21    0.06   0.85
  Did not progress   304 (24.2)                                300 (23.9)   314 (25.0)   339 (26.9)   1257   2.93    0.10   0.40
  Progressed         97 (32.9)                                 73 (24.7)    69 (23.4)    56 (19.0)    295    11.92   0.40   0.001\*

Significant at p \< 0.05\*

Abbreviation: Q--quarter

Place of development effect {#sec012}
---------------------------

[Table 2](#pone.0227144.t002){ref-type="table"} provides data from the 2011 Population and Housing Census on the percentage of youths (age 14--24 years) who lived in regions of different sizes and the percentage of junior track and field finalists (age 18--19 years) who attended schools in these different regions, between the years 2000 and 2017. The table also contains the odds ratios of a junior finalist becoming a senior representative by the attendance of schools in regions of varying sizes in Jamaica. Regions with a population between 5000 and 29 999 present the best odds of producing Jamaican senior track and field representatives. The results showed that the junior track and field finalists from regions with population 5000--29 999 were 1.8 to 1.9 times more likely to become a Jamaican senior representative.

10.1371/journal.pone.0227144.t002

###### A representation of Jamaica general youth population and the population of Jamaican junior track and field athletes with odds of them becoming a senior representative based on the size of the region for the athlete's school attendance.

![](pone.0227144.t002){#pone.0227144.t002g}

  Region size         \% General population [^a^](#t002fn001){ref-type="table-fn"}   \% Athletes [^b^](#t002fn002){ref-type="table-fn"}   OR (95%CI)
  ------------------- -------------------------------------------------------------- ---------------------------------------------------- -------------------
  \> 500 000          40.4                                                           38.8                                                 0.94 (0.73, 1.23)
  499 999--250, 000   0                                                              0                                                    \-
  249 999--100 000    30.4                                                           15.5                                                 0.80 (0.79, 1.61)
  99 999--30 000      7.7                                                            4.6                                                  0.78 (0.90, 1.82)
  29 999--10 000      10.5                                                           17.3                                                 1.89 (1.06, 3.45)
  9999--5000          5.6                                                            12.2                                                 1.80 (1.04, 3.06)
  4999--2500          4.3                                                            10.7                                                 1.19 (0.82, 2.06)
  \< 2500             1.0                                                            0.9                                                  0.98 (0.61, 1.56)

^a^ Percentage of youth (age 14--24 years) in each subdivision of the 2011 Jamaican census.

^b^ Percentage of ISSA CHAMPS finalists between 2000 and 2017 in each subdivision of Jamaica.

Abbreviations: OR- odds ratio, CI---confidence interval

Interaction between birth date and place of development {#sec013}
-------------------------------------------------------

The possible interaction between birth date (according to the sport calendar year) and POD (according to the school attended in different region sizes), was examined using chi-square analysis and Spearman rho correlation. Results of the analyses were not significant: chi-square (χ2 (18) = 18.23, p \> 0.05) and Spearman rho correlation (r = 0.06, p \> 0.05). These results showed that birth date and POD appear to be independent of each other. Analysis for interactions between years taken for progression with birth date and POD indicated the years athletes took for progression from junior to senior levels of competition were not associated with either birth date (χ2 (9) = 1.72, p \> 0.05) or POD (χ2 (18) = 12.47, p \> 0.05).

Discussion {#sec014}
==========

This paper adds to the existing literature on the progression of athletes from elite junior to senior levels of competition. Uniquely, the study examined the extent to which factors such as birth date (RAE) and POD are associated with the progression of Jamaican junior finalists to elite senior levels of competition. The results indicated that 81% of Jamaican junior finalists did not progress to become national senior finalists. This finding is consistent with studies in a range of sports \[[@pone.0227144.ref003], [@pone.0227144.ref007]\] including track and field \[[@pone.0227144.ref004], [@pone.0227144.ref006]\]. The results also revealed there are significant differences in the athletic events of the Jamaican junior athletes who progressed to senior levels. There is a significant over-representation of sprint/hurdle athletes whereas there is an under-representation of middle/long-distance athletes. It is not clear if this finding is due to the greater emphasis being placed on the sprints in Jamaica or if there is a variation in the peak age of distance running compared to sprinting. Nevertheless, research has attributed the Jamaican propensity for speed to the socio-cultural environment, as well as to genetics and physiology \[[@pone.0227144.ref043]--[@pone.0227144.ref045]\]. These attributes alone are not sufficient to understand the dropout rate from youth sports. Further research is needed to investigate psychosocial factors (such as intra--inter--personal factors) to help understand the potential determinants of Jamaican youth sport dropout for each athletic event. Moreover, the finding that the majority of Jamaican junior finalists did not progress to senior levels reinforces that excelling as a junior is not necessarily a prerequisite for success at the senior levels \[[@pone.0227144.ref007]\].

The results of the study partially support the RAE in Jamaican athletes. The RAE was not consistently observed in the 18--19 years old track and field athletes and athletes who did not progress to senior levels. However, the RAE was evident in the athletes who progressed to senior levels of competition. Specifically, for those who progressed to senior levels of competition the data showed a significant over-representation of athletes born in the first quarter (Q1) of the athletic year and a significant under-representation in the number of athletes born in the last quarter (Q4) of the athletic season. This finding showed a similar pattern in RAEs of the works carried out in track and field by Brazo-Sayavera and colleagues \[[@pone.0227144.ref016]\]. In the current study, the RAE effect size was large for athletes who progressed to senior levels in comparison to the small, non-significant effect size seen for the athletes who did not progress. The finding in the current study is well-aligned with the evidence of increasing RAEs with performance level \[[@pone.0227144.ref016]--[@pone.0227144.ref017]\]. Our finding contradicts a recent study by Wrang and colleagues \[[@pone.0227144.ref028]\] who showed significant RAEs at both youth and senior national levels. The absence of RAEs at the youth level and the appearance of RAEs in athletes with successes at both junior and senior levels of competition could be due to the relatively older athletes starting sports first (i.e., training and competing at an earlier age) thus having earlier sport experience. The earlier sport experience may lead to higher accumulated training volume which Ericsson and colleagues \[[@pone.0227144.ref012]\] contend may be advantageous to performance at every stage of life.

The high school the athlete attended was used as a proxy to determine how the athlete's development environment affected the likelihood of achieving an elite performance level. From a theoretical perspective, studies posited that contextual factors such as psychosocial climate and physical environment vary with population size and provide athletes with different sporting opportunities. In the current study we reinforced that an athlete's POD may affect the likelihood of achieving elite performance \[[@pone.0227144.ref030], [@pone.0227144.ref037], [@pone.0227144.ref039]\]. We found that athletes who attended a high school in regions with 2500 to 29 999 inhabitants (areas classified by the 2011 Jamaica Population and Housing Census as urban centers) were systematically overrepresented at the senior levels, in comparison to athletes with school attendance in regions \> 29 999 inhabitants. Research presented findings that cities with small population sizes (e.g., the urban centers in Jamaica) have better psychosocial and physical environments than cities with large population sizes \[[@pone.0227144.ref034]\]. Some possible benefits that have been proposed to be present in smaller cities include: (i) increased access to spaces supporting deliberate play and practice \[[@pone.0227144.ref030]\] and (ii) coherent development and support systems which emphasize appropriate development rather than early success \[[@pone.0227144.ref047]\]. These benefits are however, largely speculative in nature and have not been comprehensively examined \[[@pone.0227144.ref035], [@pone.0227144.ref047]\]. Additionally, it has been shown that individuals from small cities may receive more social support and have higher self-efficacy \[[@pone.0227144.ref036]\] in part due to the closer intimacy provided by the small city setting. Generally, most small cities tend to have appropriate infrastructures such as sporting facilities and coaches, as well as large green spaces \[[@pone.0227144.ref030], [@pone.0227144.ref035], [@pone.0227144.ref037]\]. Public green spaces can provide youth with more space for deliberate play and unorganized physical activity, factors which are associated with sport participation and sporting success \[[@pone.0227144.ref013], [@pone.0227144.ref048]\]. Smaller populated cities have been recognized as being safer, less structured and more spacious \[[@pone.0227144.ref037]--[@pone.0227144.ref038]\]. These characteristics are believed to be associated with continued involvement in sports worldwide \[[@pone.0227144.ref048]\]. Interpreting the results of these studies with the interactions of the psychosocial climate, the green spaces and the infrastructural benefits offered by small cities, could be the reason why we found that schools in regions with 5000 to 29 999 inhabitants were 1.8--1.9 times more likely to produce athletes that will progress to the senior levels compared to athletes from larger cities.

The current study supports previous findings showing that large cities and very small communities may present a disadvantage in the development of elite athletes \[[@pone.0227144.ref030], [@pone.0227144.ref037]\]. We found that athletes who attended schools in regions with more than 30 000 inhabitants (classified by the 2011 Jamaican Population and Housing Census as a large capital town) had disproportionately fewer athletes. Similarly, regions with less than 2500 inhabitants (classified by the 2011 Jamaican Census as small rural communities) had disproportionately fewer athletes moving from the junior to the senior levels of competition. Although large cities are likely to have appropriate infrastructures, they may also have fewer access to space supporting deliberate play \[[@pone.0227144.ref031]\]. Larger cities also offer a greater variety of alternative activities, such as music and arts which are consequently cited as motives for sports withdrawal \[[@pone.0227144.ref049]\]. On the other hand, smaller rural communities may lack adequate infrastructure for talent development. The notion that the smaller and more densely populated regions are less effective in producing elite athletes complement previous work by Côté and colleagues' \[[@pone.0227144.ref030]\] and Hancock and colleagues' work \[[@pone.0227144.ref037]\] who used birthplace as a proxy for athletes' developmental environment. These authors found that the odds of attaining elite status significantly decreased for athletes who practice sports in very large or very small cities.

This was the first study to examine the possible interaction between birth date, POD, and years taken for progression from the junior to the senior levels of competition. The inter-relations between birth date and POD revealed no significant interaction, which supported the results of previous studies \[[@pone.0227144.ref030], [@pone.0227144.ref035]\]. These findings add to existing literature that RAEs may not moderate the POD effect in predicting youth progression in sports. Baker and colleague \[[@pone.0227144.ref039]\] found that relative age and birthplace size effects were related to the players' selection round in hockey leagues in Canada. From their findings, we hypothesized that birth date and POD are related to years taken for progression from junior to senior levels of competition. However, our findings did not support the hypothesis that birth date and POD were related to years taken for progression, despite both the RAE and POD having some impact on the junior to senior progression in Jamaican track and field athletes.

Limitations {#sec015}
===========

Notwithstanding, the present study has limitations which should be addressed. Firstly, the study was retrospective and provided statistical data reveling only some of the factors contributing to the dropout problem. Second, the database did not contain historical data such as the athlete's history of injuries and whether the athlete wanted to become a pro-athlete or not. As such, when athletes were identified as a junior finalist, but not as a senior, it is not clear whether the athletes completely dropped out of sport, were participating in other sports or were just not performing well enough to make the national team. Finally, like other birthplace-effect studies which used population categories \[[@pone.0227144.ref029], [@pone.0227144.ref036], [@pone.0227144.ref038]\]. The use of population categories in this study as a proxy for POD is limited, as there might be sizable variation within the population density of each district. Future research may seek to use alternative methods to limit such variability, thus enabling stronger within-category consistency.

Conclusions {#sec016}
===========

The results of the study highlight that the majority of Jamaican junior track and field athletes did not progress to the senior levels. In an attempt to understand dropout rates from the sport, we examined the impact of RAEs and the effect of POD on the progression of Jamaican track and field athletes from the junior to senior levels of competition. The results showed that both birthdate (RAE) and POD were important determinants in the junior to senior athletic progression. We observed that the RAE was not evident in the athletes who did not progress but was evident in the athletes who progressed to senior levels of competition. Drawing from the published existing evidence, the Ericsson and coworkers' \[[@pone.0227144.ref012]\] theory of deliberate practice was acknowledged as a possible factor that contributed to the observed phenomenon. Additionally, it was found that sport environments in small cities (urban centers from a Jamaican perspective) presented the best odds of producing juniors who progressed to senior levels. It has been theorized that small cities may have a better physical environment and psychosocial climate, for talent development. Birth date and POD were also found to be independent predictors of junior to senior progression in track and field. Overall this study provided preliminary evidence of factors associated with dropping out from sports between the junior and the senior levels. This study adds to the growing body of literature suggesting that contextual factors are important determinants for sports dropouts. However, the study was retrospective and only provided statistical data revealing some of the factors involved in the dropout problem but not covering all factors. Qualitative research is needed to gain a clearer understanding of the exact contextual factors which influence the phenomenon of sports dropouts.
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